Abstract: A series of novel thermotropic liquid crystalline was synthesized from bi(p-hydroxyl benzoic acid)hydroquinone ester (PHQ), triethylene glycol and 2,4-toluenediisocyanate (2,4-TDI) by altering the molar ratio of PHQ and diol, and PHQ was prepared by using hydroquinone and p-hydroxybenzoic acid as raw materials. The thermotropic mesophase behavior, the melting point temperature (T m ) and the isotropization temperature (Ti) of the synthesized polyurethanes were characterized by FT-IR, DSC and POM. It showed that all of the polyurethane polymers exhibited nematic textures at temperature of 110~230 °C. The shift of the melting and isotropization temperature (T m , T i ) to lower temperature is discussed to be a consequence of the increasing amount of diol content.
Introduction
Since 1981, Iimura and co-worker first reported thermotropic liquid crystalline polyurethanes (LCPUs) that were prepared by polyaddition reaction of 3,3′-dimethyl -4,4′-biphenyldiyl diisocyanate and a,ω-alkanediols [1] , much more attention have been paid to novel LCPUs as polyurethanes are a class of polymers with various structures and their application potential, e.g. in high-strength fibers, thermoplastics, displays and optical storage devices [2] . Two synthetic pathways have been used to obtain liquid crystalline polyurethanes [3] [4] [5] : One was prepared by mesogenic diisocyanate with an aliphatic diols; and the other was based on mesogenic diols with an aliphatic or aromatic diisocyanate.The liquid crystalline polyurethanes are usually synthesized by the polyaddition of a diisocyanate with a mesogenic diols in solution.
There are numerous reports in the literature concerning the synthesis, characterization and structure-property correlation of polyurethane containing ester mesogen units [6] [7] [8] . Chien-Kung Lin and co-workers [3] have synthesized a series of liquid-crystalline poly(ester-urethane)s bases on ω-hydroxyalkyl segments containing n methylene groups with 1,6-hexamethylenediisocyanate (HDI). They studied in great detail that the effects of the length of polymethylene spacer on the thermotropic properties. Tallury Padmavathy and co-worker [8] synthesized a series of novel thermotropic main-chain liquid crystalline polyurethanes by the polyaddition of mesogenic diol monomers 4-{[4-(n-hydroxyalkoxy)phenylimino]methyl} benzoic acid 4-{[4-(n-hydroxyalkoxy)-phenylimino]methyl}phenyl ester with hexamethylene diisocyanate(HMDI) and 4,4′-methylene bis(cyclohexylisocyanate) (H 12 MDI) in DMF. They concluded that high aspect ratio mesogenic diol or a diisocyanate may help to balance the mesogenic property and elastic nature of the polyurethane.
The object of this research is to investigate the synthesis and the phase behavior of thermotropic liquid crystalline polyurethanes(TLCPs) composed of different molar ratio of PHQ and diol (6:4, 5:5, 4:6) and2,4-toluenediisocyanate (2,4-TDI) .The addition of diol induces flexibility to the polyurethane by reducing the glass transition temperature, increases its solubility and also imparts elastic properties, and the ester mesogen units affect the modulus, hardness, and tear strength. The general molecular structure of the PLCPs is given in Scheme 1. 
Results and discussion

FT-IR analysis
The structural of PHQ and PLCPs were confirmed by FT-IR spectroscopy. The infrared spectrum of PHQ is shown in Fig. 1 . The C-O-C absorption band of aromatic oxide group is found at 1000~1285 cm -1 , the peak at 1610 and 1508 cm -1 due to C=C stretching of benzene ring, C=O stretching at 1732 cm -1 , and C-H stretching of benzene ring at 3070 cm -1 . The main absorption peak at 3376 cm -1 indicated that hydroxyl group undergoes intermolecular association completely. Fig. 2 shows the FT-IR spectra of PLCPs, an intense peak observed at 1727 cm -1 at room temperature is typical for aromatic ester carbonyl groups and the band at 1628, 1590 cm -1 corresponds to the carbonyl peak of amide band. The peak frequency of the band at 3370 cm -1 is assigned to free NH groups [9] , two absorption bands appear at ≈2955 and 2886 cm -1 , which are assigned to asymmetric and symmetric stretching vibrations of CH 2 , and the disappearance of the characteristic NCO group absorption at 2270 cm -1 indicated that the NCO group has reacted with -OH group completely [10] . Wavenumber( cm 
HNMR analysis
The structure of the PLCPs and their intermediates was performed by 1 HNMR analysis. The 1 HNMR spectrum of PHQ is shown in Fig. 3 . It can be seen that the 1 HNMR spectrum showed the proton signals for the aromatic rings at 6.7-8.1 ppm. And absorption due to hydroxyl group was also seen at 10.51 ppm.
The structure of representative polyurethane PLCPs was confirmed by 1 HNMR spectrum in a DMSO-d 6 solution at room temperature (see Fig.4 ). Two separate N-H proton absorptions of the urethane linkage were observed at 8.9 and 9.6 ppm, absorptions assignable to benzene protons at 6.9-8.1 ppm [11] . The signals appeared at 2.7-4.3 ppm that was ascribed to proton resonances of -OCH 2 CH 2 OCH 2 CH 2 O-eser groups. At the same time the signals at 2.1 ppm attributed to CH 3 -group. Corresponding with IR spectrum, it is thought that synthetic PLCPs are the structure of rigid-flexible phase as a whole. 
Thermal properties and mesophase behavior
The thermal characteristics of the PHQ was determined by DSC measurements, the melting point (T m ) value of PHQ is given in Fig.5 (A) . From the figure, it can be seen that the DSC thermogram showed one main endothermic peak at 333.5 o C, which is ascribed to the melting point peak of PHQ. The transition temperature of PLCPs obtained from DSC traces is shown in Fig. 3 (B) . All the molar ratios of PHQ and diol of the PLCPs samples exhibit two broad endothermic peaks on heating, and thermal transition behaviors decreased with increasing amount of diols [12] , and showed that there exists mesophase behavior, which will be confirmed by the X-ray diffraction spectra latter. Fig. 5(B(1) ) exhibited two endothermic peaks at ~143.4 o C and ~226.4 o C, the former is due to the first transition endothermic from solid to liquid crystalline phase and the latter is the result of the second transition from liquid crystalline phase to isotropic state. The similar results appeared in Fig.5((B) 2-3) . The temperature range between two endotherms is the degree of stability of mesophase. It is obvious that the Fig.5 (B(3) ) exhibits the most stable mesophase. 
WAXD analysis
The wide-angle X-ray scattering patterns of PLCPs obtained at room temperature are shown in Fig. 7 . It can be seen that PLCPs spectra show a typical crystalline reflection patterns, whose diffraction patterns present a series of sharp peaks at 15~30 degrees. As seen, all samples showed the diffraction curves are almost identical, proving that the patterns of PLCPs depend strongly on the composition of the liquid crystalline unit, and the chain extension cannot affect the crystalline domains. These results suggest that the difference between position and intensity of diffraction peak indicate that the degree of crystal and crystal system be influenced because of the dissymmetrical of the polymer groups [13] . Combination of polarizing microscopy results shows that PLCPs exhibit both nematic mesophase and crystal phase texture.
Conclusions
A series of novel thermotropic liquid crystalline polyurethanes (PLCPs) with different molar ratios of PHQ and diol were synthesized by polyaddition reaction and characterized by FT-IR, DSC, POM and WAXD. Experimental results showed that all of the polyurethane polymers were semicrystalline and displayed a typical nematic texture of filamentous conformation. The transition temperature (T m and T i ) decreased with an increase in the length of the aliphatic diols chain. This type of thermotropic liquid crystalline polyurethanes has a wide temperature range of liquid crystalline phase.
Experimental part
Materials
Hydroquinone, p-hydroxybenzoic acid, dibutyl phthalate (DBP) and 2,4-toluenediisocyanate ( 2,4-TDI, >99% purity ) were obtained from Shanghai Chemical Reagents Company, China and used as received without further purification. Trithylene glycol was purchased from Nanchang Chemical Factory, China. Dimethylformamide (DMF) was dried over molecular sieves and distilled under reduced pressure.
Synthesis procedures -Synthesis of mesogenic diols bi (p-hydroxyl benzoic acid) hydroquinone ester (PHQ)
To a 250 mL four-necked flask equipped with a condenser, nitrogen inlet-outlet, thermometer and magnetic stirrer was charged with hydroquinone (2.5 g, 22.7 mmol), p-hydroxybenzoic acid (7.2 g, 52.1 mmol), dibutyl phthalate (7 mL 
Characterization techniques
The FT-IR spectra were performed by using a Nicolet 470 Fourier transform infrared spectroscopy. The differential scanning calorimetry (DSC) spectra were carried out on the Netzsch differential scanning calorimeter (model DSC-204) at a heating rate of 10 o C/min under flowing nitrogen. The optical textures were observed with a Leica DMxRP polarizing microscope (magnification. 200x) equipped with hot stage. Wide angle X-ay diffraction (WAXD) analysis was taken on a type/BRUKER-AXS D8ADVANCE X-ray diffractometer equipped with a computer controller. 1 HNMR analysis of the structure of the polymers and their intermediates was performed by Bruker-400 at 50 MHz. Deuterated dimethylsulfoxide ( DMSO-d 6 ) was used as a locked solvent and tetramethylsilane (TMS) as an internal standard.
